Exclusion of grazing animals and tree plantations were among the methods used for the rehabilitation of degraded lands in tropical semiarid areas. Exclosures can foster secondary forest succession by improving soil conditions, attracting seed-dispersal agents and modifying microclimate for understory growth. This paper compares the woody species diversity and soil chemical properties under exclosure with increasing age and grazing land at different slope positions. The study has been conducted in northern Ethiopia from 12 exclosure sites paired each with adjacent grazing land with four treatments replicated three times. In the entire study 216 plots were examined of which 108 were in exclosures and 108 in communal grazing lands.There were four age classes and three slope positions in each of the landuses. Vegetation data were collected using plots measuring 100 m 2 . Soils for physicochemical properties were collected from the four corners and center of 5 × 5m plots which was inside the 10 × 10m plot. A total of 61 woody plant species belonging to 41 families were recorded. Diversity and species richness were higher in the exclosures than in grazing lands. Among exclosures these parameters were higher in exclosures older than 30 years and at the foot of the slope. Grazing lands, the youngest exclosures and upper elevation gradient recorded lower values. Chemical soil properties were significantly higher in the exclosures, among them in the oldest exclosures and at foot elevation (except for P) than these were in the grazing land, the youngest exclosures and upper parts of slopes respectively. Exclosures are instrumental to improve the woody species diversity and soil chemical properties in the drylands.
Introduction
Land degradation is a widespread problem throughout sub-saharan Africa and its restoration is a challenge for the management of many semi-arid areas (Yayneshet et al., 2009) . Extensive deforestation and conversion of natural forests into agricultural land is the main cause of land use change in Ethiopia. The FAO (2007) estimated a deforestation rate of 1410 km 2 and the World Bank (2001) found 620 km 2 per year. The forest cover of the total area of Ethiopia shrunk from 65% to 2.2% (Berry, 2003) . 90% of the total forest reduction was in the highlands, which accounted 5.6% deforestation. These changes have negatively affected the physical and chemical soil properties as well as the bioavailability of soil nutrients (Solomon et al., 2002) . Moreover, the relatively early and extensive deforestation in Ethiopia has eroded the biological diversity to such an extent that some plants are faced with local extinction (Yirdaw, 2001) . Land degradation affects the livelihood of the rural population and is a major threat to sustainable land use (Hurni et al., 2005) by enhancing degradation of vegetation cover, soil and nutrient depletion in Ethiopia (Haileslassie et al., 2005) . Forests and the benefits they provide in the form of environmental protection, firewood, food and income have an important and critical role in enabling to secure a stable and adequate food supply. Deforestation and land degradation, however, are reducing the capacity of forests and the land to improve environmental conditions and to provide other benefits (Tadesse, 2001) . Furthermore, land degradation exacerbates drought and desertification (Sonneveld & Keyzer, 2002) . Soil erosion has accelerated on the Ethiopian highlands due to deforestation, cultivation of marginal lands, uncontrolled grazing and higher demand for fuelwood by the local communities (Reusing et al., 2000) . This has led to a loss of the fertile top soil through erosion and nutrient depletion and resulted in a low plant diversity and agricultural productivity. Farmers can sustainably use their natural resources by introducing proper plant species on the steep slopes and degraded areas to improve soil fertility. Those species can be used as a source of forage =========== ОРИГИНАЛЬНЫЕ СТАТЬИ ========== ============== RESEARCH ARTICLES ============ for livestock and pollen for bees. This would increase the flexibility in the management of land use, fodder and livestock hence enabling households to make a living and diversify sources of livelihood but also address land degradation (Mekonen & Tesfahunegn, 2011 ). An improved vegetation cover has assisted to increase soil cover thus decreasing losses of soil moisture through evapotranspiration. Better soil cover has also been vital in facilitating improved water infiltration while decreasing soil erosion and increased litter deposition and carbon sequestration that would upgrade fertility to increase productivity (Wairore et al., 2015) . Although soil erosion is prevalent throughout Ethiopia, this problem is particularly severe in Tigray region, which urges the need to implement integrated soil and water conservation measures (Tadesse, 2001) .
In response of the land degradation, the government of Ethiopia has initiated a number of projects including soil and water conservation works and establishment of exclosures (Nedessa et al., 2005) . Exclosures are areas closed off from the interference of human and domestic animals with the goal of promoting natural regeneration of plants and reducing land degradation of formerly degraded communal grazing lands (Seyoum et al., 2015) . Exclosures are usually established in steep, eroded, and degraded areas that have been used for grazing in the past (Descheemaeker et al., 2006) . Priority areas for establishing exclosures are normally identified as a joint initiative of local communities and governmental and nongovernmental organisations (Descheemaeker et al., 2006) . Exclosure is protecting the degraded land from tree cutting and free grazing of domestic animals (Mengistu et al., 2005) . In most cases, for establishing of an exclosure, this area should be abandoned as a result of being unsuitable for human and animal use (Nedessa et al., 2005) . According to Lemenih & Kassa (2014) exclosure involves protecting areas mainly through social fencing from any form of cultivation, cutting trees and shrubs, or grazing by livestock. There are common management interventions in addition to protection that involves planting of seedlings (exotic or indigenous species), aerial seeding and construction of soil and water conservation structures to speed up succession through the modification of microclimatic and soil conditions. As a result, diverse woody and non-woody plant species re-emerge, landscape greenness increases, soil erosion declines, sediment deposition downstream declines and water infiltration and stream discharge increase (Yami et al., 2006; Babulo et al., 2008; Mekuria & Aynekulu, 2011) .
Grazing impacts on soil properties depends on grazing intensity, with moderate grazing of 33 years compared with an ungrazed control, higher values were found for pH, available P, and Mg in ungrazed sites compared to the grazed ones (Ajorlo et al., 2011) . The concentrations of available P, total N, Ca, Mg, and K decreased after 1.5 years of heavy grazing compared with an ungrazed control in a tropical pasture (Ajorlo et al., 2011) . In addition, heavy grazing resulted in lower water infiltration (Hiernaux et al., 1999) and higher soil loss (Tadesse & Penden, 2002) compared with moderately grazed sites. In Tunisia, Jeddi & Chaieb (2010) documented that 12-year exclosures enhance the total plant cover, dry matter yield, species richness, and contents of organic soil matter, total nitrogen and water infiltration rate compared with continually grazed area. Similarly, Cheng et al. (2011) indicated that 20-year exclusion of livestock grazing significantly increased aboveground and belowground biomass and species richness for five different communities compared with that before exclusion of livestock grazing in a typical steppe of the Loess plateau, northwest China. Additional case studies conducted on exclosures in the central and northern highlands of Ethiopia. So, it was discovered that exclosures had twice more plant species richness and diversity value as compared with communal grazing lands after 22 years of exclosure establishment (Mengistu et al., 2005) . And the richness of 13 woody species increased after 8 years of exclosure establishment (Birhane et al., 2006) . Also, an increase in organic soil matter, total N and available P after 10 years of exclosure establishment was found (Mekuria et al., 2007) . Finally, a considerable decrease in soil loss was reported after the establishment of exclosures in communal grazing lands (Descheemaeker et al., 2006; Girmay et al., 2009; Mekuria et al., 2009 ). Although there have been studies that compared the effect of exclosures on plant diversity and soil with adjacent open grazing lands, most of them are patchy and considering a single area. Studies on the effect of age of exclosures on plant diversity and soil property are few. Therefore this study provides information on the status of woody plant species diversity in 12 exclosures as compared with the adjacent grazing land in the highlands of Tigray, northern Ethiopia. This research was conducted to understand the role of exclosure in restoration of woody plant species diversity and soil chemical properties in two land use types with increasing age of exclosures at different slope gradients. This paper tries to address the following hypotheses: Availability of nutrients are not significantly different between exclosures and adjacent grazing land with increasing age of exclosure and elevation gradient; and: Woody species diversity is not significantly different between exclosures and grazing land with increasing age of exclosure and elevation gradient.
Material and Methods

Description of the Study Area
The study was conducted in the highlands of Tigray region in four zones and four districts representing 12 exclosures and adjacent open grazing sites (Fig. 1) . The distance between the exclosure and the adjacent grazing land was in the range of 50 to 100 m. The districts, namely Tahtay Maychew, Degua Temben, Atsibi Wenberta and Enda Mehoni, were 273 km, 50 km, 71 and 129 km away from the capital city of the region, Mekelle respectively.
All sites have a tropical semi-arid climate. The altitude of the study sites ranged from 2232 to 2937 m a.s.l. (Table 1 ). The rainy season usually occurs between June and September (Fig. 2) , the growing season varying between 90 and 120 days.
Soils of the study sites were classified into four major groups: Luvisols (Alfisols), Regosols (Entisols), Cambisols (Inceptisols) and Calcisols (Aridisols) (WRB, 2006) , but the sites were dominanted by Luvisols (Alfisols) and Cambisols (Inceptisols). The common woody vegetation species in exclosures and in adjacent grazing lands included Acacia etbaica Schweinf., Acacia seyal (Del.), Becium grandiflorum (Lam.) Pichi-Serm., Euclea racemosa subsp. schimperi (A. DC.) F. White and Maytenus arbutifolia (Hochst. ex. A. Rich) Wilczek (Mekuria, 2010) . The livelihood of the households in the study area was a mixed crop livestock farming system. Major land uses in the study area included cultivated lands (between 9 and 33% of the area), forest-lands (3% to 58%), exclosures (3% to16%), communal grazing lands (6% to 39%) and others (20% to 41%) (Mekuria, 2010). There were seven main cultivated crops namely Tef (Eragrostis teff (Zucc.) Trotter), Bread wheat (Triticum aestivum L.), Maize (Zea mays L.), Sorghum (Sorghum bicolor (L.) Moench ), Barly (Hordeum vulgare L.), Faba bean (Vicia faba L.) and Hanfets
1
. The major animal populations were cattle, goats, sheeps, donkeys, camels, mules and horses.
1 Hanfets is a popular mixture of wheat and barley grown in the highlands of Eritrea and Tigray (Northern Ethiopia). Exclosure is a method of rehabilitating land by protecting an area from the interference of animals and human encroachment for a limited period of time, depending on site capacity and vegetation re-establishment (Seyoum et al., 2015) . The grazing lands are areas open for continuously grazing by livestock.The exclosures are mainly covered by trees, shrubs and the ground by grass. The life forms of woody plants in the exclosures were 35.1% trees and 39.73% were shrubs, while the rest (25.17%) were woody herbs and climbers. The life forms in the open grazing lands were 83.37% shrubs and 5.7% were trees, while the rest (10.93%) were woody herbs; shrubs significantly outnumbered the trees in the exclosures. The abundance of the naturally regenerated woody plants in the exclosures was 91.03% while 8.9% was found artificially planted but no planted seedling was observed in the open grazing lands. The abundant species in the exclosures were composed of naturally regenerated species.
Experimental layout and design
There were 12 exclosure sites having adjacent grazing land, divided into four age classes and three slope gradients to study the age, slope and land use effect on woody species diversity and chemical soil properties. The first age group had less than ten years old exclosures with triplicate sites (Halla, Meligim and Gidimihantaweynay), the second age group was 10 to 20 years old exclosures with triplicate sites (Gurzoemni, Mezewle and Endagebriel), and the third age group had 20 to 30 years old exclosures with triplicate sites (Addikolakul, Wereriba and Shul-koma). The fourth group had more than 30 years old exclosures with triplicate sites (Maybe'ati, Wadrat and Endaarbaetuenssat).
The role of the exclosure on the soil fertility and the diversity of woody plant species were studied by taking soil and the identitiy of woody plant species and number of plants, under the different ages of paired exclosures and adjacent grazing lands. The experiment was composed of 12 experimental units with four treatments replicated three times. In the entire study 216 plots (12 × 3 small plots × 3 slope positions × 2 pair exclosures and adjacent grazing lands) were examined of which 108 were in exclosures and 108 in communal grazing lands. In each exclosure and grazing land randomly established three transects spaced at a minimum distance of 75 m (Fig. 3) . The number of transects were based on vegetation density, spatial heterogeneity of vegetation, and area of the site. To avoid edge effects, the first transect were laid 30-50 m inside the exclosures and grazing lands. Transects were parallel to each other and to the topography of the landscape. In each transect, three slope positions were delineated and a sampling plot measuring 10 × 10 m was established. In each plot, 5 × 5 m subplots for physical and chemical soil analysis were developed (Fig.  3) . Each of the study sites were divided into 3 slope gradients: upper slope (US), middle slope (MS) and foot slope (FS). The US position is the uppermost portion of each study site and it can receive little or no overland flow but may contribute runoff to down slope areas. The MS position receives overland flow from the upper slope and contributes runoff to the FS. The FS represents the lowest part of each study site and receives overland flow from both mid and upper slopes.
Plant and soil sampling methods
Plant and soil samples were collected from October 2013 to January 2014 for a total of four months from four types of exclosures and adjacent surrounding grazed land. All woody plants were sampled for diversity in 10 × 10 m quadrates (100 m 2 ) for trees and shrubs from both sites. The plants were identified in the field and verified using reference books such as BekeleTesemma (2007) , Hedberg et al. (2003) , Hedberg & Edwards (1989 ), and Edwards et al. (1995 , 2000 . All woody plants (trees and shrubs) found in each plot were counted. Each plant height, diameter at breast height (DBH), diameter at stump height (DSH) and plant number were recorded. The abundance (total number of woody species in a given area), density (number of individuals of a species in an area per ha) and frequency (number of times a species recorded in a given number of plots) of woody species were calculated. Soil samples were collected from 5 × 5 m subplots nested within the 10 Ч 10 m at the centre of the main plots. A total of 216 soil samples were collected. The soil samples from each plot were taken from the four corners and the centre of a square plot at 50 cm soil depths following an «X» pattern of the main plot to form one composite sample in order to determine organic carbon, pH, EC, N , K and P of the soil in exclosures and adjacent grazing lands. The five soil samples measured 300 g, each collected from 50 m depth in each 25 m 2 plots, were mixed and form 1500 g in total and make a single composite sample to represent the sample plot. From the composite sample 1 kg soil was taken and put into plastic bags, secured, labeled and brought to the soil laboratory. Soil samples were analysed for pH and electrical conductivity on 1:2.5, soil: water suspension method. The organic matter was analysed using the Walkley-Black method (Van Ranst et al., 1999) , the total nitrogen content by the Kjeldahl method (Bremmery & Mulvaney, 1982) . The available potassium and texture were analysed with flame spectrophotometer and hydrometer method (Gee & Bauder, 1982) . The available P was determined using the Olson method (Olsen & Sommers, 1982) .
Statistical analyses
The number and abundance of the woody species diversity (Dominance (D), Shannon (H), Simpson (1-D), Evenness (E^H/S) with ages of the exclosures, adjacent grazing land and slope positions were analysed using the PAST software package, version 1.91. The differences in soil parameters between an exclosure and its adjacent communal grazing land at different age groups and landscape position were assessed using ANOVA with Tukey HSD test after checking normality test. Statistical package for social sciences (SPSS) version 20 was used to analyse the chemical soil properties.
Results and Discussion
Woody plant species composition in exclosures and grazing lands at different age and slope gradient
In total there were noted 61 woody plant species, representing 41 families, and 51% were trees and 49% were shrubs (Appendix 1). Among these plant species 8% were planted while the rest, 92% plants, were naturally grown. In the exclosures there were 60 plant species and 40 plant families, of which 53% were trees and 47% shrubs, while the grazing land had 28 plant species that belongs to 21 plant families (Appendix 2 and 3). So, from the total species found in the study area 32 species were only found in exclosures. This study is in agreement with research done in exclosures and open grazing land in Tigray where 39 plants were found in both exclosures and open grazing land, of which 31 plants were naturally found and 8 were planted (Birhane, 2002) . The same author found 27 plant species and 18 families in exclosures, of those 37% trees and 52% shrubs, but the open grazing land had 14 plant species of 12 families and 50% were either trees or shrubs. Another study found 56 woody trees and shrubs belonging to 28 families in both disturbed and undisturbed areas, the undisturbed areas had 47 woody species belonging to 26 families and 42 woody species belonging to 24 families in disturbed areas (Dejenie, 2011). The foot slope had 56 plants representing 39 families, 52% trees and 48% shrubs (Appendix 4), while the middle slope had 49 plant species of 32 families, 51% trees and 49% shrubs (Appendix 5). The upper slope had 42 plant species of 28 families; from those 48% were trees and 52% were shrubs (Appendix 6). Exclosures less than 10 years old had 18 plant species of 12 families, of which 67% were shrubs (Appendix 7), at the same time exclosures with an age between 10 and 20 years old had 23 plant species representing 12 families and 57% were trees (Appendix 8), while exclosures with an age between 20 and 30 years old had 36 plant species of 27 families and 53% were shrubs (Appendix 9). Exclosures older than 30 years had 49 plant species of 36 families, with 51% trees and 49% shrubs and had a higher species richness than in exclosures of the other three age groups (Appendix 10).
Woody plant species diversity in exclosures and grazing lands at different age and slope gradient
In the study area 61 plant species from 41 plant families were found, which is more than the result found in exclosures and open areas in eastern Tigray (Birhane, 2002) . The exclosures had a higher diversity, high species richness and these were less evenly distributed, whereas grazing land had a low species richness and the species were evenly distributed ( The plant density and abundance of plants were higher in exclosures and lower in grazing land (Appendix 2 and 3), which is in agreement with exclosures in eastern Tigray (Birhane, 2002) . The exclosures in this study had a higher diversity than the exclosures in central and northern Ethiopian (Mengistu et al., 2005) . Undisturbed sites have a higher diversity than disturbed sites in the Awash National Park in central Ethiopia (Molla et al., 2009) . The establishment of exclosures improved the composition, density, richness, and diversity of woody species in comparison to open adjacent sites. Woody species were substantially richer in exclosures than in open areas, indicating the importance of exclosures for the conservation of biological diversity (Mengistu et al., 2005) . Diversity is the most widely used criterion to assess the conservation potential and ecological value of a site (Magurran, 2004) . Moreover, it is an important element in resource management planning. This especially holds true for rare and endangered species (Jama & Zeila, 2005) . Exclosures are supposed to contribute to the conservation of biological diversity. The higher Shannon diversity indices in the exclosures indicate a higher species diversity in the exclosures than in the open site (Getachew, 2014) . The relatively high diversity values of exclosures compared with that of the open areas in turn indicates the importance of exclosure practices for the conservation of genetic resources of the woody species, particularly rare and unique species that are under heavy threat of extinction. Old age exclosures had a higher plants diversity, high species richness and these were also evenly distributed (Table 2) , which is in line with Mekuria (2013), who indicated that the oldest exclosures had a higher diversity and species richness than the youngest exclosures.
There was a significant difference in plant diversity along the slope gradients (p < 0.05). The foot slope of the mountain had a high diversity and plants were evenly distributed. The diversity was higher for the foot slopes followed by the middle and upper slope. This result contradicts to Mekuria (2013), who found a higher diversity at the upper slope.
Woody plants frequency, abundance and density in exclosures and grazing lands at different age and slope gradient
In the study area Euclea racemosa L., Maytenus arbutifolia (Lam.) Exell, Becium grandiflorum (Lam.) Pic. Serm., Acacia seyal Delile and Juniperus procera Hochst. ex Endl. were the most frequently found, while Clutia lanceolata Forssk., Diplostigma canescens K. Schum., Justicia schimperiana (Hochst. ex Nees) T. Anderson, Morus alba L., Berberis holstii Engl. and Pittosporum viridiflorum Sims were found the least frequently. Individuals of species from the plant families Fabaceae, Celastraceae, Ebenaceae and Lamiaceae were found frequently, while Acanthaceae, Asclepiadaceae and Pittosporaceae had a low frequency (Appendix 1-10). Dodonaea angustifolia L. f., Becium grandiflorum, Euclea racemosa and Acacia etbaica Schweinf. had a higher abundance and density of individuals while Clutia lanceolata, Justicia schimperiana and Morus alba had a low abundance and density. Exclosures of the age group more than 30 years old and the foot slope had a higher plant frequency, abundance and density while grazing land of the age group less than 10 years old and upper elevation recorded the lowest (Table 3 ). The density of woody plants in central and northern Ethiopia were found higher in exclosures, while lower in open area (Mengistu et al., 2005) .
Land uses Exclosure 7.752 ± 0.035a 15.898 ± 0.382a 9.143 ± 0.455a 8.80 ± 0.296a 0.565 ± 0.010a 1.727 ± 0.057a 2.977 ± 0.099a Gl 7.295 ± 0.035b 9.424 ± 0.382b 2.918 ± 0.455b 3.748 ± 0.295b 0.275 ± 0.010b 0.339 ± 0.057b 0.584 ± 0.099b
Age groups <10 7.240 ± 0.053c 10.402 ± 0.646b 2.214 ± 0.676c 3.857 ± 0.496c 0.345 ± 0.023b 0.442 ± 0.113c 0.762 ± 0.196c 10-20 7.492 ± 0.053b 11.989 ± 0.646b 5.747 ± 0.676b 6.146 ± 0.496b 0.403 ± 0.023b 0.952 ± 0.113b 1.642 ± 0.196b 20-30 7.606 ± 0.053ab 12.414 ± 0.646b 6.169 ± 0.676b 6.71 ± 0.496ab 0.428 ± 0.023ab 1.250 ± 0.113ab 2.154 ± 0.196ab >30 7.757 ± 0.053a 15.838 ± 0.646a 9.993 ± 0.676a 8.37 ± 0.501a 0.503 ± 0.023a 1.487 ± 0.113a 2.564 ± 0.196a Elevation Foot 7.718 ± 0.048a 14.281 ± 0.588a 7.205 ± 0.661a 6.664 ± 0.471a 0.478 ± 0.020a 1.221 ± 0.107a 2.106 ± 0.184a Middle 7.506 ± 0.048b 12.450 ± 0.588ab 5.759 ± 0.661a 6.396 ± 0.467a 0.409 ± 0.020b 1.035 ± 0.107ab 1.784 ± 0.184ab Upper 7.348 ± 0.048b 11.252 ± 0.588c 5.128 ± 0.661a 5.733 ± 0.467a 0.372 ± 0.020b 0.842 ± 0.107b 1.451 ± 0.184b
Means in the same column followed by same letter do not differ significantly at P < 0.05, mean value three replications ± SE, with units of Av.P = ppm, Av.K = pmm, EC = ms/m, Gl = Grazing land 
Availability of nutrients in exclosures and grazing lands with increasing age of exclosures and elevation gradient
The chemical soil properties of exclosures were significantly more favourable for plant development than of grazing land (Table 4) . This result is supported by Mekuria (2010) . Grazing impact on soil properties depends on the grazing intensity. An ungrazed site of 33 years old had higher values of pH, available P and Mg compared to a moderately grazed site (Ajorlo et al., 2011) and the concentrations of available P, total N, Ca, Mg, and K decreased after 1.5 years of heavy grazing, compared with an ungrazed control in a tropical pasture. The texture had no significant difference in all age groups and elevation except among exclosures and adjacent grazing land. The chemical soil properties at older age exclosures had values of pH, EC, P, N, K, OC, OM better for plant development than the three young age groups of exclosures. The availability of chemical soil properties decreased with decreasing age of the exclosures. This shows a better result for plant development than by Minal & Anil (2012) , who noted the following data: pH (5.1-6.1), EC (dsm -1 ) (0.22-0.28), OC % (0.32-0.04) and P (mg × kg -1 ) (4.2-7.7). The foot of a slope had better chemical soil properties than the middle and upper slope and EC was significantly higher at the foot slope and followed by middle and upper slope respectively which is in agreement with Mekuria (2010), who found higher nutrients at the foot slope. Except for EC the middle and upper slopes had no significantly different values (p > 0.05).
Conclusions
Diversity and species richness were higher in the exclosures than in grazing lands. Among exclosures these parameters were higher in exclosures older than 30 years and at the foot of the slope. The grazing land, the youngest exclosures and the upper slope had a lower species richness and diversity. The contents of chemical soil properties showed a significant difference and were the highest in the oldest exclosures and at the foot slope. The open grazing land, the youngest exclosures and the upper slope showed poor chemical properties. Exclosures can have multiple importances in improving soil and plants diversity. Exclosures have environmental, social and economic benefits to the local communities. Even though the exclosure management regime has a potential to rehabilitate the degraded areas, integrating soil and water conservation measures and indigenous enrichment planting in the exclosures could be a better method of management to accelerate the rehabilitation process of the exclosures and to increase the diversity and density of woody plant species in the exclosures. Additional research is needed to establish the interactive relationships among soil properties, soil fertilities, survival rate and growth rate of woody plant species in the exclosures. 
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